INTRODUCTION: Point-of-care ultrasound (POCUS) is an increasingly common adjunct to the clinical assessment of patients in rural New Zealand.
Introduction
Ultrasound was traditionally the domain of sonographers, specialist radiologists and cardiologists. This has changed with the emergence of point-of-care ultrasound (POCUS), which is now used in a range of specialties for both diagnosis and to guide procedures. 1 The potential diagnostic value of POCUS may be greatest in rural settings where access to formal ultrasound, and imaging modalities generally, is limited.
POCUS has been advocated both in rural settings and in the hands of generalist hospital doctors dealing with inpatients. 2, 3 However, apart from one study of 43 patients in a rural emergency department in the USa, surveys of rural physicians in Ontario and Quebec, and others in the very remote or wilderness settings, there are no published papers that describe the scope of POCUS being practiced by rural generalists or its effect on patient management in the rural context. rural doctors are learning POCUS skills. This is evidenced by more than 250 graduates of the University of Otago Postgraduate Certificate in Clinician-Performed Ultrasound (PGCertCPU) since its inception in 2006. 9 The australian College of rural and remote medicine and other providers run similar courses in australia. 10 rural generalist medicine encompasses primary, inpatient and emergency care and requires some advanced skills. 11 a consequence of broad scopes of practice is lower volumes of any particular presentation or procedure. This raises important issues around maintaining competence and patient safety. We are unaware of efforts by any professional college or credentialing body to recognise a scope of practice or set standards for rural POCUS, although policies have been developed by the australasian College of emergency medicine for their members. 12 The aim of this research was to provide an overview of diagnostic POCUS in a sample of New Zealand rural hospitals. The study measures the volume and range of POCUS examinations being undertaken and, using a questionnaire, provides perspectives of the effect of POCUS from the point of view of participating doctors. This analysis is part of a larger study that evaluates the ability of generalist rural doctors to obtain and correctly interpret POCUS images and to assess the effect of POCUS on patient care. The intention is to collect information that will inform appropriate training, policy and resourcing for rural POCUS.
Methods
The quantitative and qualitative data in this mixed-methods study are analysed concurrently but separately, and integrated during interpretation, described as an 'integrative process'. 13 The study was conducted in six rural hospitals. These hospitals represent the geographic and sociodemographic diversity of rural New Zealand, collectively accounting for 25% of all the country's rural hospitals.
14 These hospitals are staffed by general practitioners and hospital generalists. None of the hospitals have surgical capabilities or on-site surgeons. two hospitals are integrated with general practice. The catchment populations and distance to the nearest base hospital are presented in table 1. all the generalist rural doctors practising POCUS in these hospitals during the study period were eligible for inclusion and invited to participate in the study.
Quantitative data collection and analysis each time they undertook POCUS as part of their routine clinical duties, the participating doctors completed a form (appendix 1) that, in addition to the patient's age, ethnicity and gender (via the National Health index Number), captured details about the type of POCUS examinations, POCUS findings and whether the doctor asked for the images to be reviewed. Scans undertaken principally for training or to guide procedures were not included in this study. Participating doctors were encouraged to record all scans performed over a 9-month period in 2012.
Descriptive statistics were used to summarise the number and type of POCUS examinations undertaken, as well as the characteristics of patients. Differences in scan frequency between the hospitals and doctors working in multiple hospitals were corrected for, using a generalised linear mixed model with a Poisson distribution, and the interaction between doctor and POCUS scan type as random term. The Poisson distribution with the log link was chosen, as this regression can be used for multinomial distributions. 15 The Function 'glmer' in the r package lme4 was used for the analysis. 16 
WHAT GAP THIS FILLS
What is already known: Point-of-care ultrasound (POCUS) is being used increasingly across the medical specialties in urban hospitals globally and in Australasian emergency departments. POCUS is a user-dependent technology and requires appropriate training and quality assurance.
What this study adds: Rural generalist doctors have a broad scope of POCUS practice that is different from their emergency medicine colleagues. Rural doctors consider that POCUS has a positive effect on their practice, but are concerned about the absence of agreed standards and quality assurance systems. Qualitative data collection and analysis
Three months after the completion of the quantitative data collection, participants were asked to complete a questionnaire that included questions about the effect of POCUS on patient management, quality assurance and credentialing, and the implementation of POCUS in their rural hospital (appendix 2). The written responses were entered into an excel spreadsheet (microsoft Corporation, redmond, Wa, USa) according to the categories used in the questionnaire. after review by the research team, responses were collated into categories that related to the original questions, capturing the main issues. Participant responses were reported as summaries and quotes. to maintain participant anonymity, all respondents were designated a number (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) and were referred to throughout the study by this coding (e.g. respondent 5 or r5).
ethics approval for the study was obtained from the multi region ethics Committee meC/10/09/091 and consent was obtained from the participating doctors.
Results

Quantitative results
twenty-eight doctors enrolled in the study; one eligible doctor declined to participate. POCUS scans were conducted and forms completed for 1044 patients. Of these, 30 were excluded because there was incorrect or inadequate patient information on the form. Scans from 1014 patients were included in the study. many scans involved age data were missing for 16 patients. The youngest patient scanned was aged 1 year, the oldest was aged 102 years and the median age was 63 years. ethnicity data were missing for eight patients. Overall, 78% of patients scanned were european, 20% māori and 2% were of other ethnicities.
The frequency of each POCUS examination is shown in table 2. The most commonly performed examinations were cardiac scans and scans assessing intravascular volume (inferior vena cava diameter and jugular venous pressure).
even after correcting for variation between the participating doctors, there remained a significant variation between the hospitals in the frequency of scan types that were performed (P < 0.001). This is shown in Figure 1 .
in only 3% of cases, participants reviewed the images with a colleague in person or by sharing them electronically. if this occurred, it was most likely to have been with a sonographer, an echocardiographer or a cardiologist.
Qualitative results
twenty-three of the participating doctors were still working in the study hospitals when the questionnaire was undertaken; five had moved to work elsewhere. Seventeen completed and returned the questionnaire (17/23, 74% response).
The key findings are summarised in three main categories. examples in the form of quotes are presented in table 3 for each category.
Clinical Practice: POCUS made a valuable impact on patient management largely by adding to diagnostic certainty. respondents enjoyed using their new and practical POCUS skill and regarded scanning as an extension of their clinical examination.
Training and quality assurance: Fifteen out of the 17 respondents were graduates of the University of Otago's PGCertCPU, a year-long programme that includes three workshops and an online learning platform. 9 One had attended a weeklong course in australia and the other had learned ultrasound in his undergraduate medical education in Germany.
respondents were conscious of POCUS scope limitations and their need for ongoing training. respondents mentioned the pressure of ongoing maintenance of their competency in POCUS in the context of the already challenging scopes of practice in rural hospitals. No respondents were aware of any formal POCUS Quality assurance or credentialing systems in New Zealand. respondents commented on the need for their hospitals to incorporate systems for set up and maintenance of POCUS equipment (including download, storage and transmission of images) into routine operations (table 4) .
Colleague perception: While some respondents experienced negative responses from urban specialist colleagues, others indicated a growing acceptance by these same specialists of POCUS and its value in the rural context. Particular support was noted from specialists who regularly visited the rural centres.
While the POCUS-trained rural clinicians had a good understanding of their POCUS scope and its limitations, rural colleague perception of POCUS scope varied. Several respondents found referrals from onsite colleagues who were not POCUS trained difficult to manage because of the expectation that they should perform stand-alone ultrasound examinations rather than incorporating it as part of clinical assessments.
respondents valued being involved in the research and more than half of the respondents specified that the rural provenance of the study was key in prompting their participation and interest in the research.
Discussion
The notable quantitative findings in this study are a scope of rural POCUS that is broad, relatively complex and varies considerably between hospitals. Cardiac scans, arguably the technically most difficult, were the most commonly performed, while Focused assessment with Sonography in trauma (FaSt) and aorta scans, which are more straightforward POCUS examinations and the most commonly performed scans in emergency departments, were only the fifth and ninth most frequently undertaken in this study. 6, 17, 18 This broad scope of rural POCUS reflects the scope of rural generalist medicine, a context that is typified by poor access to complex diagnostic imaging. 11, 19 This same breadth and complexity of POCUS may underlie the concerns the participants expressed about the limitations of their personal POCUS skills, the lack of formal quality assurance processes and very limited opportunities for ongoing training.
The absence of a recognised scope and clinical governance for rural POCUS may also be reasons for other study findings: the absence of systems to maintain machines and download and store images; the limited understanding of rural POCUS by health-care managers and urban colleagues; low rates of image review with colleagues or specialists; and the large variation in frequency of POCUS examinations between the study hospitals. This last finding was unexpected and cannot be explained by differences in training, as most of the participants graduated from the same university-based POCUS course. equally, while there are differences in the demographics of the hospital catchment populations, these are insufficient to explain the variation we observed. each hospital is in a sense 'doing their own thing'.
This study recorded only a very small number of obstetric scans. This finding was expected and reflects how few generalist doctors in New Zealand now practice obstetrics. 20 This may represent a missed opportunity for rural doctors and midwives. australian rural doctors consider obstetric scanning to be an important part of their POCUS practice. 21 Patients of māori ethnicity comprised 20% of the patients scanned, but 27% of the hospital catchments' population base. Potential explanations include the younger age profile of the māori population, but older age of patients being scanned. in one of the northern communities, 88% of patients aged <25 years are māori, but only 61% of patients are aged >45years, and the median age of scanned patients was 66 years. The hospital catchment populations are estimates obtained from local hospital managers. This further complicates these calculations and makes it difficult to generate age-standardised rates. two of the southern hospitals are in tourist centres and it is unknown how many of the patients scanned were non-residents. The institutions and their clinicians must, however, consider the possibility that these results reflect systemic bias, and future audits and studies designed to test this will be needed.
in this study, the North island rural hospitals were smaller, further away from tertiary services and had less access to imaging than their South island counterparts (see table 1 for a summary). These same hospitals serve large māori populations. māori are disadvantaged in health outcomes and access to health services, and rural māori may face even greater disadvantages than their urban counterparts. 22 This underscores the need for, and importance of, equitable and safe POCUS services for to all rural communities.
The rural 'ownership' of this study was important for the participants, and supports previous findings that research developed in consultation with rural communities and health-care providers, and embedded in rural areas, is more likely to align with the health-care aspirations of rural communities. 23 This is the first research to describe the use of POCUS in rural hospitals and one of the largest studies to describe its use in day-to-day clinical practice in any context. The qualitative component of the study is limited by the methodology; collated responses from a written questionnaire Table 4 . Recommendations for establishing a rural point-of-care ultrasound (POCUS) service, developed from questionnaire responses feedback* 1. Consult with existing rural POCUS services for advice.
2. Obtain quality equipment fit for purpose.
3. Ensure rural-focused POCUS training for rural doctors, incorporating likely scope of practice.
4. Establish responsibility for supplier contact, software and data storage and maintenance schedule for equipment. 6. Incorporate and start using POCUS as soon as is practicable.
* Developed in conjunction with respondent feedback from this study.
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VOLUME 10 • NUMBER 3 • SEptEMBER 2018 J OUrNal OF PrimarY HealtH Care lack the depth that could be gained from other qualitative research methods. The real-world nature of the study and geographic and demographic spread of the hospitals are strengths of the study. While doctors were strongly encouraged to include all the scans they undertook during the study period, we were unable to ascertain how many examinations were not reported. PO-CUS is an evolving field and it is likely the skills of rural practitioners will have developed further since this study was undertaken in 2012. However, the scope of POCUS taught to PGCertCPU students in 2018 is, apart from the addition of some lung ultrasound, unchanged from 2012. 9 importantly, quality assurance and credentialing processes for POCUS in most rural hospitals have not progressed.
in light of these study findings, the authors recommend that clinical governance be implemented for rural POCUS in New Zealand, so that safe scopes of practice, credentialing and quality assurance can be maintained. Given the size of New Zealand's hospitals, it may be appropriate for this governance to be provided by the hospitals collectively or through the royal New Zealand College of General Practitioners. This process should be informed by further rurally based research into the outcomes of POCUS.
